Gaining full benefits from osteoporosis medications requires long-term treatment. Investigating the real-world persistence of women receiving osteoporosis medications in the UK, we found that most patients stop treatment within a year. To prevent osteoporotic fragility fractures, long-term treatment persistence must be improved. Introduction Persistence with osteoporosis therapies has historically been poor. To treat this chronic and progressive disease, it is essential that patients receive the full benefit of these medications. We estimated persistence and compliance with osteoporosis therapies in a large sample of postmenopausal women in the UK. Methods Data were obtained from the Clinical Practice Research Datalink for all women aged 50 years and over or women with early menopause, who received at least one prescription in primary care for any licensed osteoporosis therapy between January 1, 2010 and December 31, 2015. Persistence and compliance at 24 months (primary objective) and at 5 years (exploratory objective) were estimated in three patient cohorts: "All Patients," "Naïve Patients," and "Drug-Specific." Results The All Patients cohort included 72,256 women. Persistence with any therapy was 56.1%, 43.6%, 36.4%, and 31.0% at 6, 12, 18, and 24 months, respectively, and 23.2% and 13.1% at 3 years and 5 years, respectively. Patients were generally more persistent and compliant if evaluated from their first exposure to osteoporosis therapy (Naïve Patients cohort). In the drug-specific analysis, 64% of patients receiving denosumab (administered subcutaneously every 6 months) were persistent at 24 months compared with 28% and 23% of those taking oral bisphosphonates and intravenous bisphosphonates, respectively. Conclusions Only about one in three patients who received osteoporosis therapy continued to be on treatment after 2 years. There is a need to improve persistence with osteoporosis therapy, especially for high-risk patients
Introduction
Osteoporotic fragility fractures are one of the most disabling consequences of aging in women, being associated with significant morbidity and mortality and a reduction in quality of life [1] . In the UK, there are approximately 3.21 million people aged 50 years and over with osteoporosis [2] . There are approximately 536,000 new fragility fractures each year [2] , and the lifetime risk of any fracture is estimated to be 53% at age 50 years among women [3] . The UK economic burden of new and prior fractures is estimated at £4,397 million each year, which is predicted to increase by 24% to £5,466 million by 2025 [2] . The impact of osteoporotic fractures is therefore far reaching, not only for individuals but also for the health service and economy.
A variety of effective pharmacological interventions are approved for patients with osteoporosis, including bisphosphonates, selective estrogen receptor modulators (SERMs), parathyroid hormone (PTH) peptides, and a receptor activator of nuclear factor kappa B ligand (RANKL) inhibitor (denosumab) [4] . For these medications to deliver the full potential benefit seen in clinical trials in a real-world setting, sufficient levels of both persistence and compliance with the approved regimen are necessary [5] . Persistence can be defined as the duration of time from initiation to discontinuation of therapy, while compliance can be defined as the extent to which a patient acts in accordance with the prescribed interval and dosing of a regimen [6] . Oral bisphosphonates, the most widely used treatment for osteoporosis, are associated with poor persistence and compliance. Studies have shown that up to 50% of patients discontinue oral bisphosphonates during the first year of treatment [7] , and approximately 30-50% of patients do not take their medication as directed [8] . Low persistence and compliance are associated with a greater risk of osteoporotic fracture, which may increase morbidity and mortality [5, 9, 10] . Furthermore, poor persistence is associated with increased healthcare resource utilization [9, 11] .
In the UK, published studies of persistence with osteoporosis therapy have extended only as far as 2008, and have been limited largely to oral bisphosphonates, specifically alendronate and risedronate [12] [13] [14] [15] . Given the approval of new medications in recent years, including denosumab and the parenteral bisphosphonates zoledronate and ibandronate (for which the dose frequency and mode of administration vary from the traditional bisphosphonate therapy), an up-todate UK analysis would be of benefit to the healthcare system to determine the characteristics of patients who receive osteoporosis therapy in primary care and to identify ways in which persistence could be improved.
The objective of this study was to estimate persistence and compliance with both oral and parenteral osteoporosis therapies in a large sample of postmenopausal women in the UK, who were treated in the primary care setting between 2010 and 2015. A secondary objective was to estimate the same parameters in subpopulations of these women who were treatmentnaïve or previously treated (defined as the non-naïve treatment group).
Methods

Data resource
This study was a retrospective analysis using the Clinical Practice Research Datalink (CPRD), a longitudinal database of anonymized medical records from UK primary care. The CPRD contains data on diagnoses, prescriptions, laboratory investigations, clinical outcomes, and hospital referrals for approximately 11.3 million patients from more than 670 representative primary care practices throughout the UK (as of January 2014) [16] . Further information on the CPRD can be found on the associated website [17] . The database is representative of the age, sex, and geographic distribution of the UK population [16, 18] . CPRD patients' data are linked to mortality records at the Office of National Statistics. Thus, the UK CPRD provides a valuable resource for evaluating persistence and associated patient characteristics and treatment patterns over time.
Study population
All women in the CPRD who received at least one prescription for a licensed osteoporosis therapy between January 1, 2010 and December 31, 2015 inclusive and were aged 50 years and over, or aged under 50 years experiencing a premature (including surgery-induced) menopause, at receipt of the initial prescription (i.e., the index date) were potentially eligible for inclusion in the study. Participants were required to have at least one full year of data in their record before the first receipt of osteoporosis therapy (i.e., the initial prescription) and to have at least 6 months of recorded data after the initial prescription. These requirements ensured that there were sufficient patient-level data to capture information on comedications and comorbidities and to estimate persistence for at least 6 months. Exclusion factors included a history of cancer (except non-melanoma skin cancer) or metabolic bone disease (including rickets or osteomalacia, hyperparathyroidism, and Paget disease of bone) before or on the day of the initial prescription.
The monitored therapies were classified into six categories: oral bisphosphonates (e.g., risedronate, alendronate, ibandronate, etidronate), parenteral bisphosphonates (e.g., zoledronate [formulations licensed for treatment of osteoporosis], ibandronate), SERMs (i.e., raloxifene), PTH (e.g., teriparatide, 1-84 PTH), strontium ranelate (which was approved during the study period, but is now no longer available in the UK [19] ), and denosumab. Calcium, vitamin D, hormone replacement therapy, or related molecules (such as tibolone or sex steroid derivatives) as a sole treatment were not considered osteoporosis therapies (unless combined with recognized therapies).
Patients were evaluated from the date of the initial prescription recorded in the CPRD for 24 months or until discontinuation of osteoporosis therapy, within the observation period January 1, 2010 to December 31, 2015. Records for osteoporosis therapies during 2008 and 2009 were considered to identify previous exposure and windows of treatment for these drugs.
Study cohorts
Data from three patient cohorts were analyzed: "All Patients," "Naïve Patients," and "Drug-Specific" (Supplementary Figure 1 ).
All Patients cohort
This cohort consisted of all patients initiating an osteoporosis therapy during the observation period. Each patient had one prescription window, from the index date of the first osteoporosis therapy to the date of discontinuation of any osteoporosis therapy, which could include more than one therapy. Discontinuation/end of therapy was defined depending on the time interval between the adjacent prescriptions. If the gap between the expected end date covered by the previous prescription and the next prescription date was greater than 30 days, the patient was assumed to have discontinued therapy and their end of therapy was the end date of the previous prescription. If the patient was exposed to any osteoporosis therapies before the start of the observation period (i.e., January 1, 2010), the start of the first prescription window after January 1, 2010 was used as her index date (i.e., there had to be a gap of at least 30 days in her treatment during the observation period to be eligible for inclusion in the cohort).
Naïve Patients cohort
This cohort was a subgroup of the All Patients cohort and consisted of those patients initiating osteoporosis therapy during the observation period that had no previous osteoporosis therapy recorded. Those who had received any osteoporosis therapy in the 12 months before 2010 were excluded from this cohort. Each patient's prescription window was defined as for women of the All Patients cohort.
In the All Patients and Naïve Patients cohorts, data were analyzed in a patient-centric manner, in which persistence with osteoporosis medication was measured irrespective of changes in drug class.
Drug-Specific cohort
In this cohort, data were analyzed in a drug class-specific manner to assess the importance of drug class on persistence, for either starting or subsequent treatment. For identifying prescription windows, changes of drug within a class (e.g., oral bisphosphonates) were included in the same window. If a patient changed drug class (e.g., from oral to parenteral bisphosphonates), even without a 30-day gap, her first window would be closed and a new window for the second drug class would be started. A gap of more than 30 days was required between the old and new therapy from the same drug class for a new window to be started.
Naïve treatment and non-naïve treatment windows were assessed in the Drug-Specific cohort. Naïve treatment windows were those in which patients initiated an osteoporosis therapy during the observation period who had no exposure to any osteoporosis treatments within 12 months of the start of the observation period. The treatment window was from the index date of the first osteoporosis therapy to the end of the same osteoporosis therapy, and the window could only include one type of medication. Non-naïve treatment windows were those in which patients initiated an osteoporosis therapy during the observation period after having received a previous osteoporosis therapy. The window was from the date of the new osteoporosis therapy to the end of osteoporosis therapy with the same drug class. As a patient could receive multiple drug classes during the observation period, she could have several non-naïve treatment windows (but only one naïve treatment window).
Persistence and compliance
Persistence was quantified using the estimated level of persistence with therapy (ELPT) method, which determines the percentage of individuals remaining on therapy (i.e., persistent) at a given time [20] . It was calculated as the number of days from initiating osteoporosis therapy (i.e., index date) to end of therapy and was estimated as the proportion of patients refilling each subsequent prescription within the 30-day permissible gap. Patients not refilling within the permissible gap were considered nonpersistent. Calculations of persistence incorporated a "storage up" algorithm, which took into account the start date and durations of each prescription so that if a patient had overlapping prescriptions, she would be considered persistent until the time that all existing prescriptions failed to cover the gap period (i.e., if a new prescription was issued before the end date of the previous prescription, the start date of the new prescription was shifted to the end of the previous prescription). The percentage of patients persisting at 6, 12, 18, and 24 months was estimated as the primary study objective, with the percentage at 3 and 5 years estimated as an exploratory objective.
Compliance was quantified using the medication possession ratio (MPR) for oral therapies and medication coverage ratio (MCR) for parenteral therapies, as previously described [21] . The MPR was calculated as the sum of the days' supply of medication divided by the number of days between the first prescription and the exhaustion of the last prescription during the predetermined time windows. Wo m e n w i t h o n l y o n e p r e s c r i p t i o n d u r i n g t h e predetermined time windows were therefore excluded from this analysis. The MCR measured the percentage of days that the patient was covered by a long-acting agent over a given time interval after receiving the injection. Compliance (MPR or MCR) was calculated for the subset of patients who remained persistent at 6, 12, 18, and 24 months (primary objective) and 3 and 5 years (exploratory objective); at each time point, patients who were not persistent were excluded from the compliance analysis.
A sensitivity analysis of the persistence and compliance measures was performed using alternative permissible gaps of 60, 90, and 120 days.
Baseline characteristics
Demographic and clinical characteristics of all included patients were collected from their medical records from the 12month period before the index date. History of prior fracture at baseline was defined as any recorded fracture (except fractures of fingers, toes, face, or skull) in the 5-year period before the index date. Estimates of 10-year risk of major osteoporotic fracture (MOF) and hip fracture were calculated using the Fracture Risk Assessment Tool (FRAX 4.0, FRAX, University of Sheffield, Sheffield, UK).
Statistical analysis
All data summaries were descriptive in nature. For categorical variables, the frequency and percentage were given. Mean and standard deviation measures were reported for continuous variables. Kaplan-Meier curves were used to visualize persistence probabilities. Treatment discontinuation was treated as the failure event; data were censored at patient death or date of last follow-up. Statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA).
Results
Study population
The total number of potentially eligible patients for the All Patients and Naïve Patients cohorts was 102,486 ( Fig. 1a ). After exclusion of patients with a history of cancer, metabolic bone disease, or fewer than 6 months of follow-up, the final study populations of the All Patients and Naïve Patients cohorts were 72,256 and 46,924 patients, respectively. A slightly higher number of patients, 103,436, were eligible for the Drug-Specific cohort (because this cohort included patients who entered the observation window on treatment and switched drug within a 30-day gap period); after exclusions, this cohort consisted of 72,857 patients ( Fig. 1b ). Within this cohort, 46,390 patients were observed in naïve treatment windows and 44,039 patients were observed in non-naïve treatment windows.
The baseline characteristics of the patients in the three cohorts are summarized in Table 1 and Supplementary Tables S1, S2, and S3. Oral bisphosphonates were by far the most common starting treatment (All Patients cohort 68,400/ [4] . By contrast, very few patients were prescribed parenteral bisphosphonates (38/72,256 [0.05%]) or PTH (35/72,256 [0.05%]). In the All Patients cohort, the mean age of women who received strontium (77.0 years), denosumab (76.9 years), or PTH (75.6 years) was higher than those receiving bisphosphonates (oral, 74.0 years; parenteral, 73.4 years) or SERMs (68.8 years) ( Table 1) .
The majority of patients did not have a diagnosis of osteoporosis recorded. Denosumab and PTH users were more likely to have a diagnosis (39.7% and 42.8%, respectively, in the All Patients cohort) compared with the overall study population (29.4% of the total All Patients cohort). Furthermore, most patients had no history of fracture; only 35.1% of women in the All Patients cohort had a history of fracture. The proportion of women with a history of fracture was higher in patients receiving PTH (51.4%) or denosumab (49.9%) than in those receiving other therapies, particularly SERMs (16.1%). Almost no patients had a Read code indicating a familial history of hip fracture. The FRAX-calculated 10-year risk of major osteoporotic fracture was higher in patients receiving denosumab (All Patients cohort 22.45%), strontium (21.87%), or PTH (21.24%) than in those receiving other treatments (13.81-19.48%).
Baseline characteristics were generally similar between patients of the Drug-Specific cohort observed in naïve and nonnaïve treatment windows ( Supplementary Tables S2 and S3 ). Patients generally had a slightly higher risk of fracture at the time of their initial (naïve) treatment versus their subsequent (non-naïve) treatment. The proportions of patients who died during the study period while receiving each medication were as follows: oral bisphosphonates, 5.5% (3836/69,413); strontium, 4.4% (209/4712); denosumab, 4.4% (50/1141); parenteral bisphosphonates, 4.1% (3/73); SERM, 1.9% (13/671); and PTH, 1.8% (1/56).
Persistence and compliance: all osteoporosis medications
Kaplan-Meier analysis showed that persistence with osteoporosis medication (any class) among women of the All Patients cohort decreased over time; persistence was 56.1% at 6-month follow-up and decreased to 31.0% at 24 months (Fig. 2 ). Only 13.1% of evaluable women in the All Patients cohort were still persistent at 5 years. Persistence was higher among women of the Naïve Patients cohort than the All Patients cohort at all time points (Naïve patients 62.1% at 6 months, 37.3% at 24 months; Fig. 2 ). Median duration of persistence was 8.5 months in the All Patients cohort and 12.4 months in the Naïve Patients cohort.
Compliance measures were generated for patients who remained persistent at the beginning of each 6-month time interval within the observation period. Compliance with osteoporosis medication (any class) in the All Patients and Naïve Patients cohorts was lowest during 0 to < 6 months and increased during each time interval to its highest rate at 18 to < 24 months ( Supplementary Table S4 ). At each time interval, compliance was slightly higher in the Naïve Patients cohort than in the All Patients cohort.
Persistence and compliance: drug class-specific
In the Drug-Specific cohort, Kaplan-Meier analysis showed that persistence at 24 months was higher with denosumab than with any other therapy; persistence rates were 50.0% for denosumab compared with 19.0% for oral bisphosphonates, 15.2% for parenteral bisphosphonates, 12.9% for SERMs, 6.9% for strontium, and 0.0% for PTH ( Table 2 , Fig. 3 ). Parenteral bisphosphonate persistence was high at 6 months, at 100%, but decreased to 22.7% at 18 months and 2.7% at 5 years. In the same period, 70.1% of patients on denosumab were still persistent at 6 months, which decreased to 57.0% at 18 months and to 16.1% at 5 years. Persistence with oral bisphosphonates decreased from 39.7% at 6 months to 22.8% at 18 months and to 7.8% at 5 years.
Median duration of persistence was higher with parenteral therapies than with oral therapies; median persistence was 24.0 months for denosumab and 12.0 months for parenteral bisphosphonates compared with 3.7 months for oral bisphosphonates, 2.5 months for SERMs, 1.9 months for strontium, and 0.9 months for PTH ( Fig. 3) .
Compliance with parenteral therapies was higher than with oral therapies ( Supplementary Table S4 ).
Naïve vs non-naïve persistence and compliance
Persistence with oral medications at 6, 12, 18, and 24 months was higher in naïve treatment windows than non-naïve treatment windows ( Table 2 , Fig. 4 ), which was particularly apparent for oral bisphosphonates (37.7% persistence at 24 months for naïve treatments vs 11.3% for non-naïve treatments). Median persistence duration with oral bisphosphonates was 12.9 months in naïve treatment windows and 2.6 months in non-naïve treatment windows ( Fig. 4) . By contrast, persistence with parenteral bisphosphonates was higher in non-naïve treatment windows than in naïve treatment windows at all time points. Although, there was no difference in median duration of persistence between naïve and non-naïve treatment windows for patients receiving parenteral bisphosphonates (12.0 vs 12.0 months). Patients receiving denosumab were more likely to remain persistent if prescribed this therapy in nonnaïve treatment windows than in naïve treatment windows (median persistence duration in months 25.4 vs 12.6).
Compliance with oral medications was generally higher as naïve treatments than non-naïve treatments. Conversely, compliance with parenteral medications was generally higher as non-naïve treatments than as naïve treatments ( Supplementary  Table S4 ).
Sensitivity analysis
When re-estimating persistence using longer permissible medication refill gaps of 60, 90, and 120 days (vs the original 30 days), persistence increased with the length of gap, as expected ( Supplementary Table S5 ). Increasing the length of gap appeared to have a greater effect on increasing persistence with oral drugs (e.g., oral bisphosphonates and strontium) compared with injectable drugs (parenteral bisphosphonates and denosumab) over the 24 months of follow-up. A similar effect was observed for compliance, but the effect was reduced after 12 months of follow-up ( Supplementary Table S4 ).
Discussion
In this first real-world UK study examining persistence and compliance with osteoporosis therapies in postmenopausal Persistence probabilities were estimated using Kaplan-Meier methodology women since 2008, we found that persistence with all osteoporosis medications remains poor, with only about one in three patients who started treatment remaining persistent at 24 months. In the longer term, our study identified that just over 10% of UK patients remain persistent after 5 years of treatment. Patients were generally more persistent if evaluated from their first exposure to osteoporosis therapies. Drugspecific analysis showed that the median duration of persistence was higher with parenteral therapies than with oral therapies. Furthermore, persistence at 24 months was higher with denosumab than with any other therapy. These results should be placed in the context of guidance from the National Osteoporosis Guideline Group (NOGG) for recommended durations of therapy for osteoporosis medications, which would have been in place for part of this study [4] , and the fact that the CPRD captures treatment recorded in the primary care setting only should be noted. Low persistence with prescribed medication regimens is regarded as a major problem in the treatment of osteoporosis, with consequences of increased fracture risk [5, 10] . Indeed, a previous UK database analysis comparing fracture risk in patients with current versus past use of oral bisphosphonates found that at least 6 months of active treatment was required to reduce the risks of hip/femur fracture and osteoporotic fracture. For hip fracture, the greatest risk reduction for patients with a current versus those with a past use of bisphosphonates occurred after 2 years of treatment, and the risks of fracture were increased by low compliance [13] . Our results highlight the finding that a substantial proportion of patients do not persist with treatment for long enough to gain its expected benefit and that few persist for long enough for the NOGG guideline on medication review to be relevant [4] . It should be noted, however, that NOGG guidance (revised in 2013) states that patients should have their osteoporosis treatment reviewed every 3 or 5 years (intravenous bisphosphonates and oral bisphosphonates, respectively) and that a treatment holiday should be considered at this time [22] ; persistence data for these agents collected after 2013 could have been influenced by physicians discontinuing medications in response to the guidelines.
At the time of the previous CPRD persistence study (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) , denosumab (administered subcutaneously) had not yet been approved in the European Union, and zoledronate (administered intravenously) had only recently been approved and so would not have had adequate data collected during this observation window [12] [13] [14] [15] . Parenteral osteoporosis therapies have the potential to improve persistence and compliance compared with oral bisphosphonates because they have a longer duration of action, eliminating the requirement to take a tablet daily or weekly [21] . In this study, we found that the median duration of persistence was higher among users of parenteral treatments than oral treatments. The very low persistence (0%) at 24 months reported here for parenterally administered PTH is expected, given that its label requirements stipulate a maximum total duration of treatment of 24 months [23] and that it is frequently administered in a specialist or secondary care setting. At almost every time point, persistence was higher with denosumab than with any other therapy when analyzed using a permissible gap of 30 days. Although longer permissible gap periods can be used for the analysis of persistence for parenteral Fig. 3 Kaplan-Meier analysis of discontinuation with each medication class over a 5-year period in the "'Drug-specific' Specific" cohort, using a 30-day permissible gap. Patients could contribute multiple records. The numbers at risk for each medication represent the number of records not the number of patients. PTH parathyroid hormone, SERM selective estrogen receptor modulators therapies (e.g., denosumab or zoledronate) because the frequency of prescription for these drugs is typically lower and patients may not receive them as regularly as oral drugs, sensitivity analysis using permissible gaps of 60, 90, and 120 days confirmed the results of the 30-day analysis.
Previous persistence studies of denosumab covering the USA, Canada and several European countries excluding the UK have reported persistence at 12 months of 55.9-99.1% and at 24 months of 34.8-99.5% [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] . In contrast, for other parenteral therapies, the previous studies reported persistence at 12 months of 33.8-74.5%, and for oral therapies reported 10-78% [21, 28] . At 24 months, reported persistence was 20.9-35.8% for parenteral therapies and 15.9-63.5% for oral therapies [24, [26] [27] [28] . Our data show similarly high persistence with denosumab at 12 and 24 months (63.9% and 50.0%, respectively). Surprisingly, in this study, persistence with oral bisphosphonates was slightly higher than that with parenteral bisphosphonates at both 12 (28.3% vs 22.7%) and 24 months (19.0% vs 15.2%).
Patients in this study were generally more persistent to oral treatments if they had no exposure to osteoporosis therapies in the previous 12 months (i.e., were naïve treated). Initial exposure to a medication class resulted in a generally longer duration of treatment compared with second or later windows of treatment (i.e., non-naïve treatments). This indicates that patients tend to discontinue treatment if they have previously dropped out of treatment. National Institute for Health and Care Excellence (NICE) accredited guidelines recommend the use of oral bisphosphonates for first-line prevention in the majority of patients [4] . If a patient switches to a different therapy, this may be due to gastrointestinal adverse effects, physician recommendation, and lack of adherence owing to frequent dosing [9, 14] . For parenteral therapies, however, there was a greater likelihood of persistence in non-naïve treatment windows than in naïve treatment windows. This is in line with results from a previous database study, which showed that persistence remained suboptimal following switching to a second therapy and further declined after a switch to a third or further treatment; however, switching from an initial osteoporosis therapy to another, preferably with a lower frequency of administration, may increase persistence [15] . These data may also suggest that a patient's perceived disease severity influences their persistence [36] ; patients prescribed denosumab were more likely to have had a diagnosis of osteoporosis, a previous hip fracture, and a higher 10-year probability of fracture than those prescribed other therapies and may, therefore, be more motivated to remain persistent than patients with less severe disease. Patient preference for parenteral therapies may also influence persistence; data from a randomized-controlled crossover trial showed that persistence and compliance increased when patients switched from alendronate to denosumab, but decreased when patients switched from denosumab to alendronate [24] .
Our study provides an up-to-date analysis (for the period 2010-2015) of persistence and compliance with osteoporosis treatment in UK primary care, building on previous studies using the CPRD database (formerly General Practice Research Database [GPRD]) [12] [13] [14] [15] . Brankin et al. evaluated bisphosphonate therapies including alendronate and risedronate from 2001 to 2005 assessing the difference in compliance and persistence between weekly and daily regimens across three different UK data sets [12] . Results from the GPRD data set showed that those on weekly regimens had higher compliance (MPR) than those on daily regimens, and they persisted longer with treatment. A second study using the GPRD, by Gallagher et al., evaluated the persistence of bisphosphonate therapy including alendronate and risedronate from 1987 to 2006 [13] . Results showed that 58.3% of the patients continued bisphosphonate treatment for > 1 year and 23.6% for > 5 years. Finally, Li et al. examined GPRD data from the period 1995-2008, using similar methods to our study (including a 30-day permissible medication refill gap) [14] . Approximately 18% of daily alendronate users were persistent at 1 year, with a similarly poor rate of around 41% of weekly alendronate users being persistent after this time. By 3 and 5 years of follow-up, non-persistence rates were over 90% for most osteoporosis therapies studied. In the present study, both short-and long-term persistence with any osteoporosis medication was higher compared with the rates observed by Li et al. (All Patients cohort vs Li et al. "All Women" cohort 6 months, 56.1% vs 44.2%; 12 months, 43.6% vs 32.2%; 3 years, 23.2% vs 16.0%; 5 years, 13.1% vs 9.3%). Higher persistence in the first year of treatment observed in the present study may be due to closer monitoring of patients earlier in their treatment, as part of improved management of osteoporosis in accordance with recent NICE and NOGG treatment guidelines [4, 37] .
Various interventions have been trialed to help patients adhere to osteoporosis therapy, such as patient education, patient monitoring, and simplification of dosing regimens, although most have had limited success [38] . The introduction in the late 1990s of Fracture Liaison Services (FLSs) in the UK might be expected to have influenced persistence and compliance with therapy as has been demonstrated with FLSs in other countries; however, data on long-term follow-up are limited [39] . Moreover, the introduction in April 2012 of a Quality and Outcomes Framework (QOF) domain for secondary fracture prevention within primary care might also be expected to have improved persistence [40] . Despite these developments, we found that overall persistence with osteoporosis medication in 2010-2015 has only increased marginally since the Li et al. study of 1995-2008 [14] . The penetration of FLS at a patient level is acknowledged to be patchy and variable [41] , and furthermore, the success of the QOF osteoporosis domain has been limited in its first 2 years, with as few as one in five of the expected number of eligible patients with a fragility fracture receiving appropriate care [42] . The introduction of FLSs may have had some benefit in improving persistence, but this is limited beyond 12 months of treatment [43] .
Although all patients in this study were receiving osteoporosis medication, less than one third had a recorded osteoporosis diagnosis. This indicates either that healthcare providers are prescribing preventive medication before osteoporosis is diagnosed or are failing to add the diagnosis to electronic health records. We also observed a low history of fracture prevalence in the previous 5 years, suggesting that most osteoporosis treatments are being directed at primary prevention. A recorded diagnosis of osteoporosis and history of prior fracture appeared to be more common among patients receiving denosumab than in those receiving other medications. This may be due to patients being prescribed denosumab after previously receiving oral therapies. NICE guidelines prioritize the use of denosumab for secondary prevention, and potential reasons for switching to denosumab could include a high risk of fracture, inability to comply with dosing instructions, intolerance, or contraindications to treatments used in primary prevention [44] .
A Canadian cohort study found that osteoporosis treatment (bisphosphonates, raloxifene, calcitonin, systemic estrogen replacement therapy) only reduced the actual fracture rate below that predicted by FRAX among patients in the highest tertile of risk who were persistent for 5 years with high adherence [45] . A US claims database study showed fracture rates in the overall population were reduced following treatment with bisphosphonates, denosumab, and teriparatide, but rates in patients with previous exposure to osteoporosis medications were reduced only in denosumab and teriparatide-treated patients. Additionally, the magnitude of reduction was greater in patients with a prior fracture than those without [46] . These data indicate that patients should be appropriately targeted for treatment, with consideration given to baseline fracture risk and previous treatment history and with emphasis on ensuring optimal treatment and persistence in patients with a high-risk of fracture.
The main limitation of this study is that only treatments recorded in primary care are captured in the CPRD. Compared with other therapies, PTH and parenteral bisphosphonates are more likely to be administered in secondary care and hence may not have been recorded adequately in the CPRD. Denosumab is prescribed in primary care, but its initiation in primary or secondary care varies by region. Therefore, the duration of persistence measured in this study will be underestimated for medications initially prescribed in secondary care. Conversely, it is possible that patients transferred from secondary to primary care were selected for based on an increased likelihood they would remain persistent.
Finally, given that only treatments recorded in primary care were captured in the CPRD, this may have led to limited numbers of patients in some drug classes (e.g., PTH, parenteral bisphosphonates, and denosumab), although this may be reflective of clinical practice. Additionally, we only collected data on patients who stopped therapy, were lost to follow up or died while on therapy, and did not record reasons for treatment discontinuation; some patients may have discontinued therapy in line with clinical guidance such as that from the NOGG. Another limitation is that although all postmenopausal women receiving anti-osteoporotic therapy during the study period were identified, some younger women with surgical or chemotherapy-induced menopause may have been missed if their treatment or procedures occurred before their registration date in the CPRD. Limited information on parental fracture history is recorded in the CPRD, so this factor would have been set to zero in the FRAX tool, possibly leading to underestimation of 10-year fracture probability. Finally, we analyzed data according to treatment status (i.e., naïve and nonnaïve treated), but only 12 months of medical history were required before entry into the study. There could, therefore, have been instances in which a patient completed a course of osteoporosis therapy before this 12-month period yet still met the criteria for being treatment-naïve. Despite these limitations, the CPRD provides a good representation of the general UK population of postmenopausal women, recording extensive prescription data, and has the benefit of providing longterm follow-up information, although it should be noted that we could follow only a limited number of patients for the full 5-year exploratory objective as the observation period was 6 years in length (January 1, 2010 to December 31, 2015) .
In conclusion, persistence with osteoporosis therapy remains poor in UK primary care. Owing to the chronic and progressive nature of osteoporosis, patients need to persist with therapy to gain the clinical benefit from their medication. Current guidelines suggest treatment for 3-5 years with fracture risk reassessed after this time [4] ; however, it is apparent from the current analysis that many patients discontinue their treatment after 12-24 months. There is a major need to improve persistence and compliance with osteoporosis medication. Fig. 4 Kaplan-Meier analysis of discontinuation with each medication class over a 5-year period in the "'Drug-specific"' cohort (naïve vs nonnaïve treatments), using a 30-day permissible gap. PTH parathyroid hormone, SERM selective estrogen receptor modulators
